Introduction {#S0001}
============

Median sternotomy is currently the main access site for cardiac surgery. The sternal wound is a relatively vulnerable medium in terms of blood supply. The bone consists of a low vascularized tissue, and moreover this vascularization may be damaged especially when internal thoracic arteries are used for coronary bypass grafting. Thus postoperative complications related to sternal healing are not rare \[[@CIT0001]--[@CIT0003]\].

The healing sternotomy wound may be complicated with partial or complete dehiscence, sternal wound infection, osteomyelitis or mediastinitis. Sternal dehiscence is increased especially in patients with chronic obstructive pulmonary disease, smoking, obesity, chronic renal failure and diabetes \[[@CIT0001]\].

Bone wax has been used for decades as a physical barrier to maintain hemostasis on the surface edges of bones in cardiac, orthopedic or neurosurgical operations. However, there is no clear recommendation in any guideline, and there still remains controversy regarding the efficiency and the safety of using bone wax. It is a nonabsorbable substance, and there is an increasing amount of evidence that bone wax may produce a foreign body reaction and mechanically inhibit osteoblastic activity, which may eventually lead to increased risk of postoperative sternal dehiscence \[[@CIT0001]--[@CIT0003]\].

This study aims to investigate the relation between use of bone wax and postoperative sternal dehiscence after cardiac surgery.

Material and methods {#S0002}
====================

This prospective observational study used data from consecutive open cardiac surgery procedures performed by one surgical and anesthesia team between 1999 and 2009. A total of 5318 patients were evaluated. Perioperative use of bone wax, perioperative data and outcome parameters were recorded. Multivariate logistic regression analysis was performed to define independent risk factors for postoperative sternal dehiscence.

Decision making for use of bone wax {#S20003}
-----------------------------------

The decision to use bone wax was made according to the bleeding status of the sternal edges. There was no standard limit of bleeding; bone wax was used when there was a noticeable amount of bleeding according to the decision of the surgeon.

Anesthesia and perioperative technique {#S20004}
--------------------------------------

During CPB, mean arterial pressure and pump flow were kept between 50-80 mmHg and 2.2-2.5 l/m^2^, respectively. Moderate hypothermia (32°C) was used during CPB. Myocardial viability was preserved with antegrade cold hyperkalemic crystalloid cardioplegia (Plegisol, Abbott Laboratories, IL, USA) except in patients with a left ventricular ejection fraction less than 0.25, in whom antegrade + retrograde blood cardioplegia associated with terminal warm blood cardioplegia was used. In the ICU, all hemodynamically stable patients without excessive chest tube drainage and PaCO~2~ \< 48 mmHg, pH \> 7.30, and PaO~2~/FiO~2~ \> 250 were extubated. We aimed to discharge all patients on the fifth postoperative day. The decision to discharge is based on a satisfactory routine checkup on day 4 consisting of clinical examination, full blood cell count, urea and electrolyte levels, electrocardiogram, and chest roentgenogram.

Data source and definitions {#S20005}
---------------------------

Our clinical database is used for outcome analysis. It is a prospectively collected record containing relevant patient demographic data, comorbidities, intraoperative variables, and postoperative outcome including postoperative drainage, ventilation time, intensive care unit stay time, hospital stay time, transfusion rate, new onset postoperative renal failure, postoperative stroke, reoperation, arrhythmia, rate of readmission to the intensive care unit, rate of readmission to the hospital, and mortality. The data for use of bone wax were extracted from the institutional operation room database and were combined with the clinical database.

Hospital mortality included all deaths within 30 days of the operation irrespective of where the death occurred and all deaths in the hospital after 30 days among patients who had not been discharged after the operation. Postoperative blood loss was defined as total chest tube drainage. Renal complications included acute renal failure, defined as the requirement of hemodialysis postoperatively. Stroke included postoperative neurological dysfunction that was assessed by a neurologist and documented with radiologic imaging. Cranial imaging was performed when suggested by the neurologist. Delirium was not included in this definition.

The definition of sternal dehiscence included partial or total dehiscence of the sternum at any time postoperatively. Sternal dehiscence was diagnosed with physical examination and/or computed tomographic (CT)/magnetic resonance imaging (MRI) examination. The patients with infection were differentiated from sternal dehiscence according to the microbiologic findings to exclude the sole effect of infection on the development of dehiscence. Pulmonary complications included pneumonia, prolonged ventilator support due to neurologic complications, pulmonary embolic event, bronchial bleeding and pneumothorax.

Statistical analysis {#S20006}
--------------------

Data are reported as a percentage or as a mean ± standard deviation. Univariate comparisons were computed using the χ^2^ test or Fisher\'s exact test for categorical variables and *t* tests for continuous variables. Any factor with a *p* value of less than 0.1 on univariate analysis was entered into multiple logistic regression. Statistical analysis was performed using SPSS statistical software (SPSS version 11.0, SPSS Inc, Chicago, IL). Variables were considered significant at *p* values less than 0.05.

Results {#S0007}
=======

Demographic and perioperative variables are shown in [Table I](#T0001){ref-type="table"}. Bone wax was used in a total of 1151 (21%) patients. Postoperative sternal dehiscence was detected in 88 (1.6%) patients. The postoperative sternal dehiscence rate was 1.4% in patients without bone wax and 2.5% in patients with bone wax (*p* = 0.001). The rate of bone wax use was 36.4% in patients with sternal dehiscence and 21.4% in patients without sternal dehiscence (*p* \< 0.001).

###### 

Preoperative and intraoperative variables

  Variables                                    Postoperative sternal dehiscence (--) (*n* = 5230) (98.3%)   Postoperative sternal dehiscence (+) (*n* = 88) (1.7%)   *p*
  -------------------------------------------- ------------------------------------------------------------ -------------------------------------------------------- ------
  Mean age (years)\*                           59.3 ± 11.9                                                  59.9 ± 11.2                                              NS
  Female gender (%)                            27.9                                                         26.1                                                     NS
  NYHA ≥ 3 (%)                                 30.4                                                         36.4                                                     0.01
  CCS ≥ 3 (%)                                  15.2                                                         22.7                                                     NS
  Preoperative congestive heart failure (%)    3.7                                                          4.5                                                      NS
  Smoking (%) (current and previous)           62.6                                                         70.4                                                     NS
  Hypertension (%)                             48                                                           54.5                                                     NS
  Preoperative use of aspirin (%)              52.5                                                         45.5                                                     NS
  Preoperative use of clopidogrel (%)          3.9                                                          3.4                                                      NS
  Diabetes mellitus (%)                        22.4                                                         25                                                       NS
  Cardiopulmonary bypass time \> 60 min (%)    49                                                           56.5                                                     NS
  Cardiopulmonary bypass time \> 100 min (%)   8.4                                                          11.8                                                     NS

NYHA -- New York Heart Association, CCS -- Canadian Cardiovascular Society Score

Univariate risk analysis revealed the risk factors for developing postoperative sternal dehiscence as: use of bone wax (*p* = 0.001), age \> 70 years (*p* \< 0.001), chronic obstructive lung disease (*p* \< 0.001), preoperative use of angiotensin-converting enzyme inhibitors (ACEI) (*p* = 0.02), postoperative early reoperation for bleeding or tamponade (*p* = 0.001), perioperative blood transfusion (*p* \< 0.001), nonelective operation (*p* = 0.003), and body mass index \> 30 (*p* \< 0.001) ([Table II](#T0002){ref-type="table"}).

###### 

Risk factors for sternal dehiscence after cardiac surgery (univariate analysis)

  Factors                                                           Postoperative sternal dehiscence (--) (*n* = 5230) (98.3%)   Postoperative sternal dehiscence (+) (*n* = 88) (1.7%)   *p*
  ----------------------------------------------------------------- ------------------------------------------------------------ -------------------------------------------------------- ----------
  Use of bone wax (%)                                               21.4                                                         36.4                                                     0.001
  Age \> 70 years (%)                                               17.9                                                         34.1                                                     \< 0.001
  Chronic obstructive lung disease (%)                              14.3                                                         33                                                       \< 0.001
  Preoperative use of angiotensin-converting-enzyme inhibitor (%)   26.9                                                         38.6                                                     0.02
  Postoperative early reoperation for bleeding or tamponade         2.5                                                          9.1                                                      0.001
  Perioperative blood transfusion (%)                               31                                                           50                                                       \< 0.001
  Nonelective operation (%)                                         11                                                           21.6                                                     0.003
  Body mass index \> 30 (%)                                         26.8                                                         44.3                                                     \< 0.001

Independent risk factors for postoperative sternal dehiscence were defined as: age \> 70 (OR = 1.9, 95% CI: 1.2-3.1, *p* = 0.005), chronic obstructive lung disease (OR = 2.4, 95% CI: 1.5-3.9, *p* \< 0.001), use of bone wax (OR = 1.6, 95% CI: 1.03-2.5, *p* = 0.03), nonelective operation (OR = 2, 95% CI: 1.1-3.4, *p* = 0.009), and body mass index \> 30 (OR = 2.2, 95% CI: 1.4-3.5, *p* \< 0.001) ([Table III](#T0003){ref-type="table"}). Postoperative adverse outcome parameters including rate of ICU readmission, need for reintubation, rate of hospital readmission, rate of postoperative sternal infection, mortality, permanent neurological stroke rate, transient neurological attack rate, and rate of new onset atrial fibrillation were observed at a higher rate in patients with sternal dehiscence ([Table IV](#T0004){ref-type="table"}). The mean EuroSCORE value of patients with bone wax was higher when compared to patients without bone wax (3.9 ± 2.7 vs. 4.9 ± 3.1; *p* \< 0.001).

###### 

Risk factors for sternal dehiscence after cardiac surgery (multivariate analysis)

  Factors                                OR    95% CI     *p*
  -------------------------------------- ----- ---------- ----------
  Age \> 70 (%)                          1.9   1.2-3.1    0.005
  Chronic obstructive lung disease (%)   2.4   1.5-3.9    \< 0.001
  Use of bone wax                        1.6   1.03-2.5   0.03
  Nonelective operation                  2     1.1-3.4    0.009
  Body mass index \> 30                  2.2   1.4-3.5    \< 0.001

###### 

The effect of sternal dehiscence on outcome parameters

  Parameters                            Postoperative sternal dehiscence (--) (*n* = 5230) (98.3%)   Postoperative sternal dehiscence (+) (*n* = 88) (1.7%)   *p*
  ------------------------------------- ------------------------------------------------------------ -------------------------------------------------------- ----------
  Intensive care unit readmission (%)   2.8                                                          20.2                                                     \< 0.001
  Need for reintubation (%)             1.8                                                          12.5                                                     \< 0.001
  Hospital readmission (%)              3.4                                                          56.6                                                     \< 0.001
  Postoperative sternal infection (%)   0.8                                                          36.4                                                     \< 0.001
  Mortality (%)                         1.6                                                          4.5                                                      0.001
  Permanent neurological stroke         0.3                                                          2                                                        \< 0.001
  Transient neurological attack         0.8                                                          2.6                                                      \< 0.001
  New onset atrial fibrillation (%)     11.8                                                         22.7                                                     0.007

Demographic and perioperative variables in patients with bone wax and without bone wax and the effect of bone wax use on outcome parameters are shown in [Tables V](#T0005){ref-type="table"} and [VI](#T0006){ref-type="table"}.

###### 

Demographic and perioperative variables in patients with bone wax and without bone wax

  Variables                                   Group 1 Bone wax (--) (*n* = 4167) (79%)   Group 2 Bone wax (+) (*n* = 1151) (21%)   *p*
  ------------------------------------------- ------------------------------------------ ----------------------------------------- ----------
  Mean age (years)                            59.3 ± 11.9                                59.9 ± 11.2                               NS
  EuroSCORE (%)                               3.9 ± 2.7                                  4.9 ± 3.1                                 \< 0.001
  Female gender                               28.4                                       25.9                                      NS
  NYHA ≥ 3 (%)                                13.7                                       21.2                                      \< 0.001
  CCS ≥ 3 (%)                                 30                                         32.2                                      0.03
  Preoperative congestive heart failure (%)   3                                          6.5                                       \< 0.001
  Hypertension (%)                            48                                         48.7                                      NS
  Chronic lung disease (%)                    13.8                                       17.5                                      0.001
  Preoperative use of aspirin (%)             53                                         50.1                                      NS
  Preoperative use of clopidogrel (%)         3.6                                        5.1                                       0.02
  Preoperative use of heparin (%)             3.6                                        7.1                                       \< 0.001
  Ejection fraction \< 50 (%)                 32.9                                       32.4                                      NS
  Nonelective operation (%)                   9.8                                        16.2                                      \< 0.001
  Redo operation (%)                          5.6                                        8.6                                       \< 0.001
  Preoperative atrial fibrillation (%)        2.1                                        1.1                                       NS
  Diabetes mellitus (%)                       22.8                                       20.8                                      NS
  Body mass index \> 30 (%)                   25.5                                       32.7                                      \< 0.001
  Cardiopulmonary bypass time (min)           62 ± 25                                    70 ± 30                                   \< 0.001
  Cardiac arrest time (min)                   38 ± 19                                    45 ± 24                                   \< 0.001

NYHA -- New York Heart Association Score, CCS -- Canadian Cardiovascular Society Score

###### 

The effect of use of bone wax on outcome parameters

  Parameters                                                     Group 1 Bone wax (--) (*n* = 4167) (79%)   Group 2 Bone wax (+) (*n* = 1151) (21%)   *p*
  -------------------------------------------------------------- ------------------------------------------ ----------------------------------------- ----------
  Mean drainage (ml)                                             600 ± 359                                  652 ± 457                                 \< 0.001
  Patients with drainage \> 1000 ml (%)                          10.3                                       14.1                                      \< 0.001
  Nontransfused patients (%)                                     69.6                                       62.8                                      \< 0.001
  Ventilation time (h)                                           5.7 ± 11.2                                 9.2 ± 33.9                                \< 0.001
  Ventilation time \> 8 hours (%)                                13.9                                       26.2                                      \< 0.001
  Intensive care unit stay time (h)                              23 ± 18.8                                  33.7 ± 76.7                               \< 0.001
  Intensive care unit stay time \> 24 hours                      7.3                                        15.5                                      \< 0.001
  Duration of hospital stay (d)                                  5.5 ± 3.7                                  6.9 ± 6.7                                 \< 0.001
  Intensive care unit readmission (%)                            2.7                                        4.7                                       0.001
  Need for reintubation (%)                                      1.7                                        2.7                                       0.04
  Hospital readmission (%)                                       3.6                                        6.9                                       \< 0.001
  Postoperative sternal dehiscence (%)                           1.3                                        2.8                                       0.001
  Postoperative sternal infection (%)                            1.3                                        1.7                                       NS
  Mortality                                                      1.4                                        2.5                                       0.001
  Permanent neurological stroke                                  0.2                                        0.8                                       0.002
  Transient neurological attack                                  0.7                                        1.3                                       0.002
  New onset atrial fibrillation (%)                              11.4                                       14.1                                      \< 0.001
  Pulmonary complication (%)[\*](#TF0001){ref-type="table-fn"}   0.6                                        0.9                                       NS

Pulmonary complications included: pneumonia, prolonged ventilator support due to neurologic complications, pulmonary embolic event, bronchial bleeding and pneumothorax.

Discussion {#S0008}
==========

The main finding of this study is the demonstration of a relation between use of bone wax and postoperative sternal dehiscence. Additional risk factors for sternal dehiscence were defined as age \> 70, chronic obstructive lung disease, nonelective operation and body mass index \> 30.

Secondly, the effect of postoperative sternal dehiscence on outcome parameters was identified. Rate of ICU readmission, need for reintubation, hospital readmission, postoperative sternal infection, mortality, permanent neurological stroke, transient neurological attack and new onset atrial fibrillation were quite higher in the patients with sternal dehiscence.

Remembering the wide and unrestricted use of bone wax in cardiac surgery, any cardiac surgeon, especially the younger ones during their initial training periods, naturally may arrive at the conclusion that this is a safe and effective application with no need for any further consideration. In fact, this kind of prejudgment is not uncommon in the basic concepts of traditional cardiac surgery implementations such as cardiopulmonary bypass and blood transfusion. However, a short review of scientific evidence can make anyone see that it is not the case.

Literature data lack information regarding the efficiency and safety of using bone wax in cardiac surgery. Not only the adverse effects but also the potential benefits of bone wax require consideration \[[@CIT0003]--[@CIT0018]\].

Bone wax was first introduced in medicine in 1886 \[[@CIT0004], [@CIT0005]\]. It is supplied in sterile sticks and is used as a topical hemostatic material composed of a softening agent such as Vaseline and beeswax, which is a natural wax produced in the beehive of honey bees \[[@CIT0006]\]. When it is applied on the surface of bones, it remains indefinitely and may lead to various adverse effects. The 5 major characteristics of bone wax which may be associated with its nature and reported adverse effects and related scientific considerations are stated below:The primary reason for using bone wax is to maintain hemostasis. In fact, it has no biological or chemical hemostatic effect. The hemostatic effect of bone wax is mainly related to its physical blocking of the holes in the bone and stopping the blood flow from damaged vessels into the bone. However, the literature data do not support a reduction of blood or blood product consumption as a result of a presumably decreased perioperative blood loss when using bone wax \[[@CIT0004]\]. This study also was unable to demonstrate a benefit in terms of drainage and use of blood products with bone wax. Despite mean drainage, the proportion of patients with drainage \> 1000 ml and the proportion of transfused patients were higher in patients with bone wax.Bone wax is known to interfere with bone healing and osteogenesis. It inhibits osteoblastic activity, prevent bone healing and may lead to creation of a pseudoarthrosis \[[@CIT0001], [@CIT0002], [@CIT0005]--[@CIT0009]\]. This may be less important in healing of partial or immobile bone wounds. However, a sternal wound is always under the exertion of dynamics of a mobile thorax. Thus the osteogenesis and the wound healing are more important than any other site of bone wax implementation. It is reported that persistent sternal nonunion and chronic inflammatory reactions with the presence of residual bone wax exist up to 10 years after the operation \[[@CIT0002]--[@CIT0004]\]. Postoperative sternal dehiscence was detected more than 2 times in patients with bone wax in this study. Moreover, bone wax was determined as an independent risk factor for postoperative sternal dehiscence. This may lead us to consider that it is not appropriate to use bone wax in areas where bone fusion is extremely important such as sternotomy incisions.When bone wax is applied on the surface of the bone, it is not absorbed or metabolized. This may induce a foreign body reaction characterized by giant cells, plasma cells, fibrous tissue, and a lack of bone formation, which may eventually trigger an allergic reaction or granuloma formation \[[@CIT0005]--[@CIT0009]\]. Bone wax granulomas have been reported in mastoid tissue, the sternotomy site, the lumbar disc surgical site, the cerebellopontine angle, the subarachnoid space near the medulla oblongata, the femoral neck osteoplasty site, orbits, cranial defects, after tibial tubercle elevation surgery and after foot surgery \[[@CIT0011]\]. In an anatomico-pathological study of 18 cadavers, it was reported that bone wax induces chronic inflammation and granuloma formation in the sternum postoperatively \[[@CIT0012], [@CIT0013]\]. Interestingly, the computed tomographic (CT) examination which is usually decided as the first diagnostic choice for the management of a patient with sternal dehiscence was unable to detect bone wax-related granuloma \[[@CIT0012], [@CIT0013]\]. Thus magnetic resonance imaging (MRI) is recommended for evaluation of a complicated sternal wound. The diagnosis of sternal dehiscence or granuloma formation was not the subject of this study, but personal observations of the authors indicate that granuloma formation is a rare but serious complication which may advance the decision for reoperation, and routine radiologic imaging (MRI or CT) is usually not necessary but MRI should be the choice.Bone wax acting as a foreign material has been shown to reduce bacterial clearance in bone tissue and to increase the risk of infection. Several publications have established that microorganisms can adhere to foreign material, leading to a low virulence infection with a slow onset \[[@CIT0014], [@CIT0015]\]. Usually, the host immune mechanisms are able to eradicate such infections, but in some morbid patients with diabetes mellitus or renal failure this may result in a persistent infection. Bone wax can be regarded as a foreign body in this respect, representing a possible site for low virulence pathogens which may trigger sternal wound infection, sternocutaneous fistula or mediastinitis \[[@CIT0014], [@CIT0015]\]. For the management and diagnosis of these complications, MRI is recommended \[[@CIT0016]\]. The postoperative sternal infection rate was higher in patients with bone wax in this study; however, statistical difference was not observed. This may imply that we may avoid using bone wax in any site, especially in immunocompromised patients.Bone wax was shown to be related to pulmonary embolic events in an experimental study in which radioactively labeled bone wax applied at the sternal wound was found in significant quantities in the lung. This shows that bone wax may embolize and may give rise to secondary pulmonary complications \[[@CIT0009]\]. In this study, the rate of pulmonary complications was higher when bone wax was used, but the difference was not statistically significant. Regarding these considerations, use of bone wax in any site should be restricted, especially in patients with preoperative pulmonary dysfunction.

Conclusions {#S0009}
===========

Our findings suggest that use of bone wax may be associated with increased postoperative sternal dehiscence, which leads to an impaired outcome after cardiac surgery. Thus liberal use of bone wax should be restricted. Alternatively, products which are absorbable, less prone to tissue reaction, do not interfere with bone healing and have platelet-stimulating effects, such as microfibrillar collagen, oxidized regenerated cellulose, and gelatin foam, might be an appropriate choice.

This study is not designed to compare two groups of patients according to the use of bone wax. The patients with bone wax are more complicated, with a higher mean EuroSCORE. Thus any comparison of outcomes between the two groups may not reflect the exact situation.
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